The Semantic Web as a vision for a machine-readable, metadataintensive Web has resulted in an evolving collection of technologies and tools that deserve attention from the viewpoint of education. Nonetheless, existing approaches to curriculum design for this topic that emphasize on knowledge representation or technical issues should be complemented with an organizational vision that focus on the value provided by Semantic Web infrastructure as a corporate asset and also by Semantic Web tools built on top of it. This paper addresses the conceptual framework that justifies Semantic Web technology in the context of Information Systems (IS), and provides an account of some of the main requirements and milestones needed to integrate the Semantic Web as a topic in Information Systems programs. Concretely, an existing IS model curricula is used to provide some tentative guidelines for such integration.
Introduction
The Semantic Web (SW) is a vision for a techno-social phenomenon that may eventually result in a radical change in the services offered through the World Wide Web (BernersLee, Hendler & Lassila, 2001 ). In spite of the fact that SW technology is relatively recent and far from mature, its foundations are yet being seriously considered as an important cornerstone for the evolution (and even for the re-design) of diverse areas in Information Systems (IS). Prominent examples of these areas are e-commerce (Ding et al., 2004 ), elearning (Anderson, and Whitelock, 2004) , digital libraries, e-government and knowledge management (Davis, Fensel and van Harmelen, 2002) . Nonetheless, the actual development and deployment of SW solutions does not come without a cost. Metadata creation and maintenance is by itself a time consuming process if quality is a requirement, and the increased complexity in languages and tools entailed by SW solutions call for specialized staff and more sophisticated management. In the context of organizations, all this means that the potential use of SW technologies must be considered as a promising option, but its progressive adoption should follow organizational priorities and be subject to careful cost-benefit and return of investment analysis. In consequence, the case for SW technologies in organizational Information Systems requires a conceptualization from the standpoint of the IS professional, considering the economic and organizational forces that ultimately lead to the success or failure of the introduction and use of any innovative technology.
The strong commitment of many researchers and policy makers to the SW vision is fostering the rapid expansion of the volume of knowledge about the SW and its diverse application areas. As a logical consequence, the concern for "SW education" has begun to be raised. In fact, the scope of the ongoing Knowledge Web EU-funded initiative includes developing a SW program, and several "summer schools" about the SW have taken place (e.g. EUROLAN 2003) . But in our view, the structure and orientation of such initiatives are mostly directed towards technical audiences, especially knowledge engineers and software developers, but lack an orientation to decision making in technology selection and assessment. Whilst this is not a weakness of such programs and courses -since the SW is nowadays an active technical research topic -, they should be complemented by the IS vision, which adds to the technical orientation a systemic view oriented to business value (Lytras, Pouloudi & Poulymenakou, 2002 ).
The SW is considered by many as pertaining to the field of Artificial Intelligence (AI) applications, and specially, of applications of logics-based knowledge representation. In fact, it is true that its foundations are in fact well-known and thoroughly analyzed forms of logics (Baader et al., 2003) . But the relevance of the SW to the discipline of Information Systems (IS) and to the management of organizations in general is not only concerned with such AI-related issues, but with the new services, processes and possibilities enabled by SW technologies and also with the new demands that come from the requirement for a metadata-intensive infrastructure. At the best of our knowledge, such an integrative approach to SW education has still not been explicitly explored in the scarce few initiatives in the area.
In our view, IS educators concerned with the new landscape provided by the SW should address the following basic components in the design of instructional approaches:
1. SW technological infrastructure, including description logics basics, ontology engineering and other technical tools.
2. Infrastructures and support required for SW approaches inside organizations.
3. Approaches to managing metadata annotation and shared ontology development and use.
4. The specifics of each area of study or application in the context of IS. Point (1) is properly covered in current technical schools, e.g. EUROLAN 2003 included as main topics general issues, supporting technologies (XML, RDF), ontology engineering and use, description logics and language-processing issues. Infrastructure aspects (2) have begun to be covered by consulting methodologies as TopSAIL, trademark of the TopQuadrant company, which covers the whole cycle from planning to deployment from the organizational perspective. Nonetheless, these comprehensive approaches have still not been established as common practice or standards as in other areas, and they are not subject of current educational programs. For point (3), ontology engineering methods have matured in the last years, but the broader organizational aspects of metadata management have still not produced best practice guides.
It should be noted that even though many aspects of the issues just mentioned are not explicitly covered in current approaches to IS education, this can not be considered as a deficiency of existing curricula, since a clear conceptualization of SW and other metadata-intensive approaches to IS is still missing. Consequently, their integration with the IS body of knowledge is not as seamless as it would be desirable.
In this paper, a tentative curriculum for the SW as a technological vision in Information Systems is provided, highlighting the areas that require further conceptualization, and the strategies that can be used to provide a context and organizational motivation for semantic approaches to information management. This way, students could be able to clearly state the case for SW approaches as a force that is somewhat reshaping Information Systems to a higher level of knowledge intensity. Such curriculum is based on the perceptions of the authors, and on some of their early experiences in introducing SW concepts at Ms.C. and Ph. D. levels. Furthermore, the program proposed is intended to motivate further discussion and refinement inside the community of researchers interested in cultivating the SW vision in IS. It should be noted that the knowledge area is still too young to be provided with strict theoretical guidelines, so that the directions described here should be considered as "lessons learned" from concrete reflections and scattered teaching and communication experiences.
The paper is organized as follows. Section 2 provides an overview of some existing SW education courses or programs. Then, an alternate view of an approach to SW education -focusing on the notion of value -is provided in Section 3. Section 4 provides a tentative design for the integration of SW as a part of IS curricula, highlighting the main milestones and requirements. Finally, conclusions are provided in Section 5.
Overview of some current approaches
The need for SW education has been recognized as a key point in W3C Semantic Web activity, and a "W3C SW education and outreach" group was established and has collected some materials (Miller and Swick, 2003) . In addition, there are a number of courses and programs offered by diverse institutions. Furthermore, the OntoWeb-Edu 1 project resulted in an interesting compilation of educational resources among other outcomes. KnowledgeWeb 2 is its follow-up project, and it addresses several "educational workpackages" including the creation of a "Virtual Institute for Semantic Web Education (VISWE)", the creation of material, programs and a summer school, and a "semantic platform" for interacting with learning materials. The programs proposed in KnowledgeWeb deliverable D3.2.3 "Report on Core Curricula in Ontology and Semantic Web" can be viewed as a portray of current SW educational programs. It defines tentative programs for professional, academic or research educational scenarios, building them from existing learning units. Figure 1 provides a categorized excerpt of such kind of learning units, structured in two layers:
• Metadata infrastructure issues refer to the techniques and tools to produce semantic annotations for the Web linked to ontologies. Knowledge on ontology engineering and logics are required to have an understanding of the kind of metadata the SW is expected to build on. In addition, XML and RDF are the current basic languages that should be mastered from a development perspective. OWL as a representative of Web ontology description languages represents the connection of the two conceptual frameworks depicted in Figure 1 . A key topic some times overlooked is that of annotation, i.e. the specific techniques and tools to produce useful metadata as linked to ontologies.
• The knowledge and competencies on creating and maintaining a SW metadata infrastructure should be complemented by knowledge on metadata applications. From the perspective of Web technology, techniques for metadata-driven information retrieval and browsing, structuring Web applications into Web Services, and advanced development techniques (patterns, architectural models and the like) are relevant. From the knowledge-representation perspective, different forms of reasoning, issues of automatic acquisition and maintenance of ontologies, and semantic descriptions of Web Services can be considered as important elements.
The elements described so far should be supplemented with the specifics of horizontal and vertical SW applications, depending on the interests and objectives of each concrete learning program. 
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Figure 1. Overview of typical SW learning units
It should be emphasized that the introduction of SW concepts in IS programs should follow a different pattern to SW courses targeted at researchers or developers. This distinction is analogous to the differentiation of IS and Computer Science (CS) programs. While the context of the former is an organization and its systems, the context of the latter is algorithmic processes for information processing and related technical issues. This justifies an emphasis on notions of organizational value in IS programs, and a relatively lower level of technical details, i.e. a synthesis of the large body of knowledge portrayed in Figure 1 . Specifically, specialized job roles as ontology engineers can be left to CS programs or specialization paths in IS ones outside of the core curriculum.
The next step in integrating SW concepts in IS programs is that of delineating a vision of the SW in IS that provides a rationale for the adoption of SW technology in organizations. A tentative sketch of such a view is provided in what follows.
Contextualizing the Semantic Web in the field of Information Systems
The term "information system" (IS) is nowadays a widespread concept that has been subject to considerable debate. The FRISCO project reported by Falkenberg et al. (1998) investigated an interdisciplinary account of the concept as "a system in organizational context, serving to provide value by making information available" (Hesse and VerrijnStuart, 2000). Information in the context of the FRISCO framework is considered as an increment of personal knowledge -and thus of organizational knowledge (Örtenblad, 2001 ) -, and the systemic view is stated in terms of models that denote conceptions of coherent wholes. According to such view, information systems are organic part of entities, and the components of IS become elements associated to processes oriented towards some higher-level goal, being this strategic or contingent.
Existing multi-dimensional "IS value" proposition and evaluation techniques (Cronk and Fitzgerald, 1999) could be used for the specific case of SW-enabled IS. According to Cronk and Fitzgerald, "IS business value is the sustainable value added to the business by IS, either collectively or by individual systems, considered from an organizational perspective, relative to the resource expenditure required". Thus, value measurement in a given organization may proceed by first understanding what IS business value is, then comparing that value with expenditure "value for money", and then developing the actual measurement instruments. Nonetheless, IS business value has several dimensions that researchers have suggested in the literature. The following table summarizes some of them along with the role SW technology plays in each concern.
IS business value characterization SW role
Contribution to organizational effectiveness (performance)
Improved information search and access as enabled by SW technologies may contribute to increased effectiveness and efficiency in everyday tasks. Full or partial automation of routine activities may increase productivity by releasing employees from repetitive tasks.
Strategic value
Automated or semi-automated information analysis may help strategic decision making that affects the overall organizational direction.
Metadata associated with information resources becomes an strategic asset for
Performance of the IS department
Better alignment of information resources inside the company as a result of metadata may provide more effective development of IS functionality and better support to users.
Ability of IS to gain competitive advantage
Semantic reasoning capabilities combined with data analysis and the availability of metadata infrastructure enable possibilities to quickly set up innovative services.
System usage plus user satisfaction Tailored information and improved data handling mechanisms may result in higher levels of user satisfaction and involvement in creative tasks that build on the organizational "metadata memory".
The focus on enhancing organizational performance with information technology solutions is a characteristic of the IS profession that has been constant over time. As such, it can be considered as one of the more tangible ways of characterizing value, and it could be measured by comparison of effectiveness in work tasks between a SW version of the IS and a conventional one. For instance, in the context of the Procurement function, the integration of vendor catalogues through ontologies may lead to improved times in locating best offerings or service providers. Another example is that of elearning, in which SW technology enable better learning resource search and arrangement, which combined with competency management (Sicilia, 2005 ) may result in enhanced organizational learning.
The value proposition for SW technology thus has at least two main components:
• The creation of a new organizational asset in the form of a ontologyconnected metadata infrastructure.
• The provision of better work tools and services to the end user by SW applications that exploit and enhance such metadata infrastructure.
Even though the conceptual link between SW technology and IS is clear in the notion of IS business value, there is still a lack of research in organizational aspects of SW infrastructure and applications. Notably, at the best of our knowledge, there are no explicit studies available on the actual costs or costs models for SW infrastructure, and many reported application do not provide measures of increases in organizational performance. This contrasts with the fact that SW technologies are becoming more widespread, and an increasing number of companies offer semantic solutions in diverse areas. This lack of value-related reports has leaded us to emphasize on the requirements for elaborating a model of SW technologies as a critical infrastructure for integrating and improving availability to organizational information. To do so, a tentative integration of SW concepts into a well-known IS curriculum model is sketched, which helps in realizing the weak conceptual points for such integration that should be focus of further work.
Milestones and requirements for a program on Semantic Web in Information Systems
The Association for Information Systems (AIS) -in collaboration with ACM and AITPhas developed model curricula and guidelines for undergraduate and graduate programs in Information Systems 3 , which can be used as a point of departure for the integration of SW concepts. The field of study considers IS as an integral part of organizational strategy that supports management processes at all levels, and encompasses two broad areas of organizational activity: (1) acquisition, deployment and management of information technology resources and services, and (2) development, operation and evolution of infrastructure and systems for use in organizational processes. These areas are structured in the 2002 version of the curriculum for undergraduates in five curriculum presentation areas, which are further specified into specific courses and learning units. The following table summarizes some of the main integration points for undergraduate courses.
Presentation area
Course
Main integration concepts
IS2002.1 Fundamental of Information Systems
Expand the notion that "the concept that information is of significance in stating and attaining organizational goals will be used as the basis for exploring the development of databases to store information" to include the value provided by metadata (Lytras, Pouloudi & Poulymenakou, 2002) , which is data about an object that supports functions associated to it (Greenberg, 2003) . This way, the functions supported by concrete parts of metadata schema become the ultimate source of organizational value when aligned to strategic needs.
A. Information Systems Fundamentals
IS2002.2 Electronic Business
Strategy, Architecture and Design.
One of the main topics in this course is that of electronic business models and related issues. Metadata infrastructures are in fact a digital asset that impacts in the possible models, and thus metadata harvesting and maintenance can be seen as an investment for improved performance. In addition, SW technology impacts a number of organizational areas that are considered in this course, e.g. supply chain management, business integration and logistics. B. Information Systems Theory and Practice
IS2002.3 Information Systems Theory and Practice
The concept of "data as a resource" can be seamlessly extended to metadata. A concept of quality in metadata is critical for this part of the presentation.
IS2002.4 Information Technology Hardware and Software
In this course, the addition of metadata standards in various fields could be mentioned, to reflect the wide diversity that is arising in fields as diverse as human resources, business integration and e-learning. IS2002.5 Programming, Data, File and Object Structure Material about XML-RDF as an information model, and related programming technologies can be integrated at this point.
C. Information Technology
IS2002.6 Networks and telecommunication
The Internet and Web architectures are currently covered, and the SW infrastructure could be included as an extension. An integration of activities and roles specific to SW systems could be added to the examination of the development and maintenance process. IS2002.8 Physical design and implementation with DBMS XML and RDF as well as specific frameworks and tools to develop SW applications with an emphasis in data storage can be considered as specialized physical storage.
IS2002.9 Physical Design and implementation in emerging environments
The focus on "utilizing a contemporary development environment" provide room to use SW technologies as infrastructure for the project that is expected to be developed by students in this course.
The integration points proposed may be subject to extension or replacement, but it provides an initial blueprint for a broad conceptualization of SW in the context of IS. A similar analysis can be carried out for the graduate degree curriculum model, as described in the following table. It should be noted that the graduate model MSIS 2000 is actually an extension of the IS97 curriculum, so that only specific MS courses are described in what follows. The following Figure summarizes the conceptual extensions described to the IS body of knowledge, using the structure of the Master curriculum model as a framework. The mapping depicted in Figure 2 integrates a selection of the elements in Figure 1 to the IS curricular recommendations. The rationale for the integration is that of introducing SW concepts as associated to the curricular goals of the current course design. In the Foundations part, the technologies that extend the current Web (see Figure 1 ) are introduced along with a view on the emerging topics of the management of metadata as an organizational asset. Then, methodological and infrastructure aspects are introduced in the Core part, with an explicit addressing of metrics and quality as the required tools for management of SW solutions. The Integration part deals with the management aspects and the use of SW as an additional level of richness in the integration technologies that are yet present in the existing IS curriculum. Finally, each concrete career track would require a separate study addressing the main applications and enhancements that SW technology provides to each aspect of IS.
IS
As evidenced by the described curriculum extension, there are several pragmatic requirements that should be met before developing a formal integration of SW as a legitimate part of an IS curriculum. Such requirements can be stated in areas in which further theoretical and empirical work is required, and include at least the following.
Requirement
Main directions for further work Models of value and cost for SW technology.
• Defining the specifics of IS value as provided by SW technology.
• Empirical studies regarding cost and effort of developing, deploying and maintaining SW infrastructure. Assessment techniques for the notions of value of SW.
• Metrics and assessment tools for quality and comprehensiveness of ontologies and stored metadata.
• New techniques for the assessment of SW solutions as part of IS. Best practices and implementation guidelines for SW in organizations, oriented to inform IT governance.
• Roadmaps for SW technology adoption.
•
Collection of success stories and best practices for SW in concrete application areas.
• Methodologies for building and maintaining organizational ontologies.
The integration of the SW in the IS curriculum can thus be viewed as a natural extension of the consideration of Internet technology as an update for the 1997 version of the undergraduate curriculum. Even though the effective impact of SW technology today is not comparable with the phenomenon of the explosive growth of the Web, the increase in metadata-based solutions, standards and applications in a broad sense is significant enough to deserve an explicit mention in curriculum models.
The above considerations evidence a need for a re-conceptualization of SW technologies as a special kind of infrastructure for the enhancement of the IS function inside organizations. Such a conceptualization is somewhat emerging by the intersection of several fields of study that have metadata as the central concept (Greenberg, 2003) . Such convergence to an integrated vision requires attention from researchers, practitioners and policy makers in several issues that arise from the intense technical work being developed by SW researchers and related metadata-oriented solutions. The following table provides a tentative roadmap.
Milestone
Expected outcomes (a) Collecting empirical results regarding metadata and SW applications and their impact on organizational activities. Steady extension of semantic models to other current and prospective application areas. Final integration of SW in IS curriculum models and knowledge bases.
Progressive integration of SW and metadata applications as an integral part of the IS profession.
The milestones planning is fundamentally intended to provide a clear case for business adoption of SW technology, avoiding hype and unclear views of the technology that may seriously hamper the decision to initiate efforts inside organizations. This is especially important in technologies like the SW for which the investment on metadata infrastructure is high and benefits may only come after a significant level of metadata has been deployed.
The requirements and milestones presented are intended to become an initial research agenda for the value-justification of SW technologies in IS, and to serve as a facilitator for technology awareness and adoption. In contrast to many other innovative technologies, a SW infrastructure requires a large investment and a substantial change in the concept of information inside organizations. This is due to the increased requirement for metadata and tools that deal with it, and makes this technology unique in its capabilities to catalyze an evolution of IS to a higher level of complexity and intelligence. This justifies efforts in crafting conceptual frameworks for organizational uses of the technology as the one sketched in this paper.
Conclusions
The acceptability of SW technology as an enabling infrastructure in organizations requires a careful consideration of the value it adds to existing IS, since the creation of the required metadata infrastructure represents a significant investment, and the development and maintenance of SW tools calls for highly specialized skills and knowhow. This paper has raised some of the main issues of such value justification from the perspective of the introduction of the SW as a legitimate topic in IS curricula. The value of the proposal presented lies in the addressing of the main SW topics inside the framework of commonly agreed IS curricula. This enables a kind of conceptual integration of SW with IS that sees SW topics as extensions of topics yet covered in IS curricula, thus facilitating the adoption of metadata-intensive frameworks as a generalization of existing information resource management views.
The paper has described some of the main areas in which further work is required to come up with a sound value proposition for SW technology in organizations, and a some tentative overall directions have been discussed.
